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INTRODUCTION 
Jaundice or hyperbilirubinemia in neonates means the 
yellow discoloration of the skin or mucosa. Clinical 
jaundice in newborns is visible when the serum bilirubin 
level is above 5 milligrams per deciliter.
1
 Exchange 
transfusion (EXT) is replacement of all or the majority of 
the mass of red blood cells and blood plasma of a 
recipient, with one or some compatible donors' plasma 
and red blood cells. Hemolytic disease and 
hyperbilirubinemia in neonates are the main indications 
of EXT. Newborns with jaundice will undergo blood 
replacement if the intensive phototherapy doesn’t return 
the serum bilirubin level to a safe level and if the risk of 
developing kernicterus is higher than the risk of this 
treatment or a child has the symptoms of kernicterus. In 
case that one needs to reduce blood hematocrit 
(polycythemia), or in case of severe anemia, relative EXT 
can be used. This treatment method should be repeated as 
many times as it is required, so that the indirect serum 
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bilirubin level would reach to an acceptable level.
1,2
 
Blood transfusion complications include increased use of 
heparin, graft- versus- host disease, hemolysis, 
hyperkalemia, hyponatremia, arrhythmias, hypoglycemia, 
hypocalcaemia, tetany, thrombocytopenia and infections 
associated with blood transfusions, cardiac arrhythmias, 
embolism, necrotizing enterocolitis and thrombosis, 
accidental bleeding, air embolism, hemolysis caused by 
mechanical or thermal damage, hypothermia, intracranial 
hemorrhage, intracranial pressure fluctuations and 
fluctuations in systemic blood pressure due to 
hypovolemia or hypervolemia.
3,4
 Mortality after EXT in 
neonates has been reported, 5.3 per 1000 patients and 3 
cases per 1000 EXT.
5,6
 
Zinc is an essential element in human nutrition with a 
wide range of biological functions. It also has a critical 
role in physical growth of digestive and immune systems. 
Zn deficiency in infants and children can cause stunted 
growth, increased incidence of infections (pneumonia, 
gastroenteritis) and neurobehavioral change. Studies on 
the Zn benefits have shown that the Zn compounds can 
reduce the risk of developing pneumonia and 
gastroenteritis. In general, Zn strengthens the immune 
system and increases the body's immunity as well as 
decreasing the infection rate.
5,6
  
Copper is a strong antioxidant that destroys the free 
radicals and prevents cellular damage. Cu has a lot of 
functions in the body, including glucose oxidation 
resulting in the release of energy in the body, helping 
body to absorb iron, supplying oxygen to body tissues, 
including brain, helping the thyroid gland to balance 
hormone secretion, and being part of an essential enzyme 
for the synthesis of adrenaline and etc.
7,8
 Zn and Cu are 
necessary and desirable elements for the growth and 
development of infants.
9
 
Studies have shown that blood transfusions leads to a 
reduction in infants serum antioxidant capacity and 
changes in the serum microelements.
10,11
 Change in the 
serum levels of Cu and Zn has not been established in 
infants with exchange transfusion; thereupon, the present 
study intends to investigate the changes in two serum 
microelements in jaundiced infants undergoing exchange 
transfusion. 
METHODS 
This study was descriptive-analytical. Measurement of 
the levels of serum selenium, Zn and Cu was performed 
on infants at three times (before EXT, an hour after EXT, 
and five days after the EXT), as well as on blood bags 
used for newborns. 
This study was conducted on 30 full-term newborns with 
hyperbilirubinemia and having indication of EXT (serum 
bilirubin greater than 25), who had been hospitalized in 
the neonatal ward for six months. After centrifugation, 
the blood serum was separated and the serum levels of Cu 
and Zn were measured in the laboratory. The 
measurement of serum levels of Zn and Cu was carried 
out in the plastic containers not to be contaminated by 
trace elements. The samples were collected in plastic 
tubes after centrifugation. Subsequently, the obtained sera 
were stored in a freezer at -20 °C. The level of salt in 
samples was measured after collecting all the samples. 
The exclusion criteria in this study were being a pre-term 
infant, birth accidents, birth trauma, asphyxia, congenital 
malformation, sepsis, taking medicine by mother, 
mothers' smoking or substance abuse, maternal 
morbidity, and consumption of dried milk. The parental 
consent for including the infant in the study was obtained 
before EXT. Collected data analyzed using statistical 
methods in SPSS.19. 
Measurement of the zinc 
The serum zinc measurement was performed by Zink 
quantification kit of Biochemistry Company through 
spectrophotometry, in which, the serum Zn created a 
complex with 5-Br-PAPS, a colorimetric reagent, which 
was maximally absorb measured at the wavelength of 578 
nm. 
In this procedure, 50 μl serum sample or calibrator was 
mixed with 1000 μl reagent and was incubated at 37 °C 
for 10 minutes. Then, the absorbance against the blank 
was measured at a wavelength of 578 and the serum 
values were calculated. 
Measurement of Cu 
The serum Cu measurement was performed by Zink 
quantification kit of Biochemistry Company through 
spectrophotometry, in which, the serum Cu formed a 
complex with (3.5-dibromo-2-pyridylazo) -N-ethylin-
sulopropylaniline, a colorimetric reagent, and was 
maximally absorbed at the wavelength of 578 nm. 
In measuring serum Cu, 50 μl serum sample or calibrator 
was mixed with 1000 μl reagent and incubated at 37 °C 
for 10 minutes. Then, the absorbance was measured 
against the blank at a wavelength of 578 and the serum 
values were calculated. 
RESULTS 
Of infants, 13 (43.3%) were female and 17 (56.7%) were 
male. The average age of the infants at the time of 
admission was 4.56 days. Of all infants, 6 (20%) had 
been born through cesarean section and 24 (80%) by 
vaginal delivery. Average birth weight in the female and 
male newborns was 3253.84 gr and 3082.35 gr, 
respectively. 16 (53.3%) had jaundice on the second day 
after birth. The majority of the infants with 12 patients 
(40%) had blood group A. There was a significant 
difference between serum Zn level in neonates' blood in 
baseline and an hour and five days after EXT (P=0.001) 
(Table 1). 
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There was no significant difference between levels of 
serum Cu in neonates before EXT and one hour and five 
days after EXTs. There was statistically significant 
difference between the level of direct bilirubin in 
neonates' blood serum before EXT and an hour and five 
days after EXT (p=0.001). 
Table 1: Comparison of serum Zink levels of the infants before and an hour and five days after EXT. 
Variable name 
Before EXT 
(Mean ± SD) 
An hour after EXT 
(Mean ± SD) 
Five days after EXT 
(Mean ± SD) 
Zink (Zn) 48.53±4.94 55.98 ± 7.60 * 55.63± 6.17 * 
Cu 59.6±10.9 60.5±10.1 60.7±9.8 
Direct bilirubin  1.01±0.34 0.69 ± 0.14 * 0.61± 0.14 * 
* P <0.05 compared with before EXT, * P <0.05 compared with an hour after EXT 
 
The mean levels of serum Zn and Cu before EXT and an 
hour and five days after EXTs didn't have any significant 
difference between male and female neonates.  
The mean serum Zn and Cu levels before EXT and an 
hour and 5 days after EXT didn't have any significant 
difference between blood types. 
DISCUSSION 
In this study, Zn and Cu levels in the blood serum were 
measured and a significant change was observed in the 
serum Zn and Cu levels before EXT and one hour and 5 
days after EXT. Gillian et al in a study measured levels of 
copper and Zn after blood transfusion and found an 
increase in level of Zn and no change in the Cu level.
12
 In 
a study by Wilson et al, the levels of selenium, 
manganese and glutathione peroxidase after EXTs were 
investigated, the results showed an increase in serum 
levels of manganese and glutathione peroxidase.
13
 
The study by Lindeman et al was conducted to evaluate 
the change in the concentration level of peroxide and 
antioxidants in plasma following the EXT. Results 
showed that a change in the concentration of peroxide 
and antioxidants and an increase in the formation of free 
radicals in infants after EXT.
14
  
Khatami and et al in a study assessed the serum levels of 
Iron (Fe) and Zn after EXT and observed an increase in 
serum Fe and Zn levels following EXT.
15
 Khoshdel et al 
in a study measured glucose and calcium after EXT and 
revealed a reduction in calcium level and no change in 
glucose level following EXT.
11
 In the study by Khatami 
and Parvaresh, a change was reported in the serum 
selenium level after EXT in infants.
16
 
The present study confirmed the findings of other recent 
studies that have reported the reduction of serum Zn level 
in icteric infants, when the serum bilirubin increased 
more likely due to competitive effect.
17,18
  
In this study the mean serum Zn level in newborns at 
admission (before EXT) was 48.53±4.94 μg/dl that was at 
a level lower than normal range in healthy newborns (50-
100 μg/dl). 
In this study, the mean serum Zn level in icteric neonates 
was 56±7.6 μg/dl after EXT, which was significantly 
different from the serum Zink level before it, with an 
increase of about 8% compared to its level before the 
EXT.  
The study also showed that the mean serum Zn level in 
the blood bank donors was 91.7±11.5 μg/dl, which 
belongs to the adults' normal range. This mean was 
greater in comparison to the mean serum Zn level in the 
infants. It appears that concerning the relative deficit of 
zink in the neonates under study, the blood bank donors' 
serum Zn level was likely to be reason for the increase in 
serum Zn level after EXT. Put it another way, EXT can 
be considered as a contributing factor in changing the 
serum Zn level. 
Gillian et al. in a study reported a rise in the serum Zn 
level three days after blood EXT.
12
 In the study 
undertaken by Khatami et al. serum Zn level had an 
increase after EXT compared to its level before EXT.
15
 
The results of this study showed that five days after EXT, 
the mean serum Zn level was 56.6±6.2 μg/dl that 
indicated a significant difference between the serum Zn 
levels of the infants before EXT and five days following 
EXT. But, there was no significant difference between 
the serum Zn levels an hour after EXT and five days 
following it.  
Also, results showed that there was no significant 
difference in serum Zn level before EXT, one hour, and 
five days after EXT between two sexes. 
Also, in this study no significant relationship was found 
between the weight of the infants and the Zink 
concentration before, an hour and five days after EXT. In 
this study, there wasn’t any significant relationship 
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between the serum bilirubin and Zn before and after 
EXT. 
In this study, the average serum levels of Cu before EXT 
was 59.6±10.9 μg/dl that was in the normal range. The 
average serum levels of Cu after EXT was 60.5±10.1 
μg/dl, that didn't vary significantly from before EXT. 
This study indicated that the serum levels of Cu in the 
blood donors were 90.9±17.5 μg/dl which was in the 
adults' normal range. 
 The highest level of Cu accumulation occur in the liver 
of the foetus in the third trimester of pregnancy, so 
premature infants compared to term infants have lower 
Cu levels.
6,19
 It seems that in cases with increasing serum 
bilirubin and albumin decrease due to slight Cu binding 
to albumin has not much impact on reducing serum levels 
of Cu. Some other studies also have suggested this point. 
In this study, the mean serum level of Cu in the newborns 
(icteric) was 59.6±10.9 μg/dl that was of the healthy 
infants' normal range (30-70 μg/dl). In general, it seems 
appears that adult plasma transfusion with high 
concentration of Cu and higher ceruloplasmin will 
increase serum levels of Cu. In this study, no significant 
difference was seen in the serum levels of Cu after EXT 
compared to before EXT. According to the mean serum 
levels of the infants and the blood donors in this study, it 
seems that the lack of change can be due to similar level 
of Cu in infants and the donors. 
In the Gillian et al., study, the serum levels of Cu before 
and after EXT were not significantly different.
12
 
The results of this study showed that the mean serum cu 
level five days after EXT was 58.6±8.1 μg/dl. There was 
no significant difference between the serum cu level of 
infants before EXT and five days following EXT. 
Although, the level of serum cu five days following 
exchange transfusion had slight decline in comparison to 
an hour after EXT but this difference was negligible 
which this slight difference can be due to condition of 
neonatal hospitalized in hospital, not receiving adequate 
breastfeeding, stress and receiving antibiotics. 
CONCLUSION 
Results showed that the serum Zn level one hour and 5 
days after the EXT compared to before EXT have been 
increased change and these changes had no effect on 
serum levels of Cu. According to the differences in the 
levels of these elements in the mother's blood serum, and 
their impact on the reserves in the embryonic period, and 
the primary serum levels of these elements in infants, 
maternal nutrition, breastfeeding, level of these elements 
in breast milk, age, gender of infants, duration of their 
hospitalization, serum levels of blood donors and etc., 
doing further studies is essential. 
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